Although this has not been tested The motion areas of posterior parietal cortex extract information on visual motion for perception as well as directly, it seems likely that these VT neurons may actually correspond to the ones responding to inferred object for the guidance of movement. It is usually assumed that neurons in posterior parietal cortex represent vimotion while the eyes are stationary (Assad and Maunsell, 1995). The discharge during the disappearsual motion relative to the retina. Current models describing action guided by moving objects work sucance of the target while the eyes are either stationary or moving could simply be a reverberation of retinal cessfully based on this assumption. However, here we show that the pursuit-related responses of a distinct image slip information that was collected and stored while the moving target was visible. However, this explagroup of neurons in area MST of monkeys are at odds with this view. Rather than signaling object image monation is not able to account for the observation that the VT neurons will discharge if high-performance SPEM tion on the retina, they represent object motion in world-centered coordinates. This representation may are elicited by imaginary targets on the fovea, implied by cues confined to the visual field periphery outside simplify the coordination of object-directed action and ego motion-invariant visual perception.
Figure 2. Similar Neuronal Responses during SPEM and SPEHM

Discharge of VT neuron recorded from area MST during pursuit with only the eyes moving (SPEM) (A and B) and with both the head and eyes moving (SPEHM) (C and D). In (A) and (C)
,
Discharge of two representative neurons that were recorded from
The discharge is characterized by raster plots and spike density area MST, during smooth pursuit eye movements (head fixed) functions ( ϭ 40 ms). Note that during SPEHM (C and D), the guided by a continuously visible target (A and C) or, alternatively, head movements were characterized by an overshoot in velocity, a target (B and D) that was turned off for 200 ms (gray background) prompting a compensatory eye-in-head movement in the opposite during maintained pursuit. Target position (black) and mean eye direction. However, the discharge rate in the preferred as well as in position (blue) plus standard error (the latter shown as blue envethe nonpreferred direction did not change as a consequence of lopes) are shown together, with the neuronal discharge depicted as these eye movements. Moreover, the discharge rate depended sigraster plots and spike density functions ( ϭ 40 ms). The onset of nificantly on the direction of target movement (two-way ANOVA; target movement at time 0 is marked by a vertical dashed line. p Ͻ 0.0001). On the other hand, the influence of the type of tracking Both neurons displayed a significant directional selectivity (two-way was not significant (p ϭ 0.182). ANOVA factor pursuit direction; p ϭ 0. recorded from area MST whose discharge drops as soon as the target image is no longer available on the retina. All of the 86 VT neurons that maintained their activity Results despite the brief removal of the pursuit target displayed a clear response to SPEM along the horizontal axis that Neurons were recorded mostly from area MST during eyes-only pursuit of a dot target moving at constant was significantly higher either for pursuit to the right or for pursuit to the left, although in many cases this direcspeed (10Њ/s) along the horizontal axis in the frontoparallel plane starting from straight ahead. Out of 116 neurons tion was not the best direction. All 116 neurons that were examined were subjected to a comparison of horizontal that were recorded from three male rhesus monkeys, most of which were located in the MSTl, 86 showed pursuit with only the eyes moving (SPEM) or, alterna-tively, both the head and the eye being allowed to move, with the relative weights of the two pursuit effectors left to the choice of the monkey (SPEHM). The color of the target (red, SPEM; green, SPEHM) instructed the monkey on the type of pursuit behavior that was required. Head movements were unrestrained about the yaw axis during both types of trials, and the active suppression of head movements in the eyes-only trials was the consequence of the learned reward contingencies. SPEM and SPEHM trials were presented in the horizontal projection of the preferred and the nonpreferred direction randomly interleaved, having average shares of 25% each. As exemplified in Figure 2 and represented in Figures  3B and 3C by average records, the quality of pursuit, as determined by how well the gaze velocity matched that of the target, was in general very good and, moreover, did not depend on the choice of the effectors. Average gaze gain was determined as the ratio of mean gaze velocity for a period from 300 ms to 1300 ms after target onset divided by target velocity. For the three monkeys used, the average gain was 0.984 for SPEM and 0.988 for SPEHM, the two values not being statistically different (Student's t test; p ϭ 0.72; n ϭ 116). As shown in Figures 3B and 3C , the pursuit velocity of the population response in the SPEM and the SPEHM conditions did not differ significantly at any point in time. This is surprising, since in the case of eye-plus-head (i.e., SPEHM) pursuit, the component trajectories were usually quite complex, with the head typically overshooting the target, requiring the eyes to move in the opposite direction.
The VT neuron whose discharge is reproduced in Figure 2 preferred leftward pursuit. This neuron belongs to the group of neurons that are insensitive to the temporal disappearance of the pursuit target. Independent of whether the gaze movement was based on just the eyes or a combined eye-head movement, this neuron started to discharge approximately 100 ms before the onset of the gaze shift to the left. In both conditions, the discharge rates showed the same early transient response, peaking about 250 ms after target movement onset and then passing into a stable plateau response.
That the response reflected the gaze shift rather than but ignoring residual retinal errors during later phases of maintained pursuit.
To decide between these two possibilities, we correlated the discharge rate of 39 out of the 51 neurons that during maintained SPEM and SPEHM from 80 ms after gave nondifferent SPEM and SPEHM responses with target onset until the end of the trial (two-way ANOVA, target velocity and gaze velocity, respectively. In order nonsignificant main effect of type of pursuit, significant to generate the wide range of target, gaze, and eye main effect of pursuit direction, and nonsignificant intervelocities needed for a regression of discharge as funcaction between both factors). The independence of the tion of velocity, and in order to emphasize differences pursuit-related discharge from the type of pursuit efbetween target and gaze velocity, we subjected these fector in this group of neurons is also reflected by the neurons to a second experiment, in which we asked the highly significant linear correlation (p Ͻ 0.001) between monkeys to pursue a target moving sinusoidally along the mean discharge rate observed during maintained the horizontal at 0.33 Hz, 10Њ amplitude, while the mon-SPEM and SPEHM. The resulting regression line did key was rotated sinusoidally passively about his yaw not deviate significantly from the bisector (p ϭ 0.230), axis. The frequency of this vestibular stimulation was indicating that the responses during SPEM and SPEHM 0.2 Hz, and its amplitude was 10Њ. Although the head did not differ (see Figure 3A) . The lack of discrimination movement contribution in this second experiment was of the responses between the two tracking conditions passive and not active as in the first one, the neuronal holds not only for the average discharge rates but also response profile of the example VT neuron shown in for the response profiles. This is indicated by a compari- Figure 4 nicely reflected the gaze and target velocity son of the population average responses for this group trajectories, rather than those of eye or head velocity of neurons as well as a comparison of the associated (see Figure 4C ). The correlation of its discharge rate with gaze, head, and eye velocity records for the two tracking target velocity ( Figure 4D ) resulted in a larger coefficient conditions ( Figures 3B and 3C) . Neither the population (r ϭ 0.808) than the correlation of the discharge rate discharge nor the population-based mean gaze velocity with gaze velocity (r ϭ 0.721; see Figure 4E ). differed between the two tracking conditions at any Figure 5 plots the correlation coefficients for dispoint in time (running Student's t test; p Ͼ 0.01, uncorcharge rate as a function of target velocity versus the rected). In the 51 neurons whose maintained pursuit correlation coefficients for discharge as a function of discharge was the same for SPEM and for SPEHM, the gaze velocity for the 39 VT neurons recorded from area latency of the discharge led gaze movement onset on MST whose responses were subjected to this test. In average by 26 ms (Ϯ33 ms) independent of the movemost neurons, the correlation coefficients lay on the left ment condition. Neither the latency of the neural activity of the bisector line, indicating equal coefficients, and nor the latency of the gaze movement differed signifithis deviation from a distribution centered on the bicantly in the two tracking conditions (see Table 1 ). sector was statistically highly significant (p ϭ 0.0007). In 45 out of these 51 neurons (88%), the existence of In other words, target velocity is a significantly better an influence of an extraretinal signal could be demonpredictor of the discharge of this specific group of VT strated by the persistence of the response when turning neurons than gaze velocity. the target off during maintained SPEM. Most of these VT neurons that were not activated differently by SPEM and SPEHM also exhibited a clear sensitivity to retinal Discussion image slip. 
